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Tni£ OF THE INVENTION 

TfflONUCLEOSIDE DERIVAHVES AS INHIBirORS OFRNA-DEPENDENT 
RN A VIRAL POLYMERASE 

5 EBELD OF THE INVENTION 

The piesent invention is concerned wifli thionucleoside compounds 
and certain dmvatives thereof, their synthesis, and their use as inhibitors of SNA- 
dependent RNA viral polymerase. The compounds of the present invention are 
inhibitors of RNA-dependent RNA viral replication and are useful for the treatment of 

10 RNA-dependent RNA viral infection. They are particularly useful as inhibitors of 
hepatitis C virus (HCV) NS5B polymerase, as inhibitors of HCV replication, and for 
the treatment of hepatitis C infection. 

BACKGROUND OF THE INVENTION 

IS Hepatitis C virus (HCVO infection is a maj^^ 

to chronic liver disease, such as drrfaosis and hepatocellular carcinoma, in a 
substantial number of infected individuals, estimated to be 2-15% of the world's 
population. There are an estimated 4.5 million infected people in the United States 
alone, according to tiie U.S. Cento: for Disease Control, According to the World 

20 Health Organization, tbote are more than 200 million infected individuals worldwide, 
with at least 3 to 4 million people being infected each year. Once infected, about 20% 
of people clear the virus, but the rest haxbcMT HCV the jsst of fbeir lives. Tentotwenty 
percrat of chronically infected individuals eventually develop liver-destroymg 
drxfaosis or cancer. The viral disease is transmitted parenterally by contaminated 

25 blood and blood products, contaminated needles, or sexually and vertically ficom 
infected mothers or carrier motiiers to tbeir off-spnng. Current treatments for HCV 
infection, which are restricted to immunotherapy with recombinant interferon-a alone 
or in comlnnation with the nucleoside analog ribavirin, are of limited clinical benefit 
Moreover, tiiere is no established vacdne for HCV. Consequently, there is an urgent 

30 need for improved tberqieutic ag^ts that effectively combat chronic HCV infection. 
The state of the art in ttie treatment of HCV infection has been reviewed, and 
refermce is made to the following publications: B. Dymock, et al., '"Novel 
approaches to tiie treatn^t of hepatitis C virus infection,'* Antiviral Qiemistry & 
Chemodierapv, 11: 79-96 (2000); H. Rosen, et al., "Hepatitis C virus: current 

35 understanding and prospects for future ther^es,** A/rnlf'ni^qi' ^edidne Today, S: 393- 
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399 (1999); D. Moradpour, et al., "Cuirwit and evolving therapies far hepatitis C " 
Euippean J. Gastroenterol. HeoatoL, 11: 1189-12Q2 (1999); R. Bartenschlager, 
Candidate Targ^ for Hepatitis C Vinis-Spedfic Antiviral Theci^py," Interyjiyoloey, 
40: 378-393 (1997); GM. Lauer and B D. Walker. •Hepatitis C Virus Infection," K 

5 T?n pl. L Med. , 345: 41-52 (2001); B.W* Dymock. ^TEmerging therapies for hepatitis C 
virus infection/* Emerpne Drugs , 6: 13-42 (2001); and C. Crabb, *Hard-Won 
Advances Spark Excitement about Hepatitis C/' Science : 506-507 (2001); the 
contents of all of which are incorporated by reference herein in their entirety. 

Different approaches to HCV therapy have been taken, which include 

10 the inhibition of viral serine proteinase (NS3 protease), helicase, and RNA-dependent 
RNA polymerase (NS5B), and the development of a vaccme. 

ThG HCV virion is an enveloped positive-strand RNA virus with a 
single oligoribonudeotide genomic sequ^ice of about 9600 bases which encodes a 
polyprotdn of aibout 3,010 amino adds. The protein products of the HCV gene 

15 consist of the structural proteins C, El, and E2, and die non-structural proteins NS2, 
NS3, NS4A and NS4B, and NS5A and NS5B. The nonstructural (NS) proteins are 
believed to provide the catalytic machinery for viral r^Ucation. The NS3 protease 
releases NS5B, the RNA-dq)endent RNA polymerase from the polyprotein chain. 
HCV NS5B polymerase is required for the syntiieais of a double-stranded RNA from 

20 a single-stranded vual RNA tiiat serves as a template in the iq>lication cycle of HCV. 
NS SB polymerase is therefore ccmsideated to be an essential conQxnsent in tiie HCV 
replication ccn^len [see K Ishi, dt al., '^pression of Hepatitis C Virus NSSB 
Protein: Charactnization of Its RNA Polymmse Activity and RNA Binding,'* 
Hepatologv> 29: 1227-1235 (1999) and V. Lohmann, et al., '^Biochemical and Kinetic 

25 Analyses of NS5B RNA-Dependent RNA Polymerase of the Hepatitis C Vims," 
Viroloev, 249: 108-118 (1998)]. Inhibition of HCV NSSB polymerase prevents 
fomiation of the double-stranded HCV RNA and tiiecefrae constitutes an attractive 
approach to the development of HCV-spedfic antiviral thenpes. 

It has now been found that tiuonucleoside conqwunds of the present 

30 invention and certain derivatives thereof are potent inhibitors of RNA-dependent 
RNA viral replication and in particular HCV replication* The S'-tdphosphate 
derivatives of these thionucleoside compounds are inhibitors of RNA-dependent RNA 
viral polymerase and in partioilar HCV NSSB polymerase. The instant 
thionucleoside compounds and derivatives thereof are useful to treat RNA-dependent 

35 RNA viial inf ection and in particular HCV infection. 
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It is tbexefore an object of the present invention to provide 
thionucleoside compounds and certain derivatives thereof which are usefol as 
inhibitors of RNA-dependent KNA viral polyaierase and in particular as mhibitors of 
HCV NS5B polymerase. 
S It is another object of Oe present invention to provide thionucleoside 

compounds and certain derivatives thereof which are useful as inhibitors of the 
replication of an RNA-dependent KNA virus and in particular as inhibitors of the 
replication of hepatitis C virus. 

It is another object of the present invention to provide tfaionacleoside 
10 compounds and certain derivatives thereof which are useful in the treatment of KNA- 
depcadent RNA viral infection and in particular in the treatment of HCV infection. 

It is another object of the presrat invention to provide pharmaceutical 
compositions comprising the thionucleoside compounds of the present inventicm in 
association with a phaimaceuticaily acceptable carrier. 
IS It is another object of the present invention to provide pharmaceutical 

compositions comprising the thionucleoside compounds and derivatives thereof of the 
present invention for use as inhibitors of RNA-dependent RNA viral polymerase and 
in particular as inhibitors of HCV NSSB polymerase. 

It is another object of the present invention to provide phamiaceutical 
20 compositions comprising the thionucleoside confounds and derivatives thereof of the 
present invention for use as inhibitors of RNA-dependent RNA viral replication and 
in particular as inhibitors of HCV replication. 

Jt is another object of the presrat invoition to provide pharmaceutical 
compositions comprising the thionucleoside compounds and derivatives thereof of the 
2S present invention for use in the treatmirait of RNA-dqiendent RNA viral infection and 
in particular in the treatment of HCV infection. 

ft is another object of the present invention to provide pharmaceutical 
compositions comprising the thionucleoside compounds and derivatives diereof of the 
presrat invention in comhhiatlon with other agents active against an RNA-dependent 
30 RNA virus and in particular against HCV. 

It is another object of the present mvention to provide methods for tiie 
inhibition of RNA-dependent RNA viral polymoase and m particular for the 
inhibition of HCV NSSB polymerase. 
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It is another object of the present invention to provide methods for the 
inhibition of RNA-dependent RNA viral replication and in particular for the inhibition 
of HCV replication. 

It is another object of the present invention to provide methods for the 
5 treatment of RNA-dependent RNA viral infection and in particular for flie treatment 
of HCV infection. 

It is another object of the present invention to provide methods for the 
treatment of RNA-dependent RNA viral infection in combination with other agents 
active against RNA-dependent RNA virus and in particular for the treatment of HCV 
10 infection in combination with other a^nts active against HCV. 

It is another object of the present invration to provide thionucleoside 
compounds and certain derivatives thereof and their pharmaceutical compositions for 
use as a medicament for tiie inhibition of RNA-dependent RNA viral replication 
and/or tiie treatment of RNA-dependent RNA viral infection and in particular for the 
IS inhibition of HCV replication and/or the treatment of HCV infection. 

It is anothCT object of the present invention to provide for flie use of the 
thionucleoside compounds and certain derivatives thereof of the present invention and 
their pharmaceutical coni^positions for tiie manufacture of a medicament for the 
inhibition of RNA-dependent RNA viral replication and/or the tieatment of RNA- 
20 depmdent RNA viral mfisction and in particular for the inhibition of HCV replication 
and/or die treatment of HCV infection. 

These and other objects will become readily sqpparentfiom the detailed 
description which follows. 



25 



SUMMARY OF THE INVENTION 

The present invention relates to conq)ounds of stroctural formulal of 
the indicated stereochemical configuration: 
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r4 \ A.pj1 

(0 



►11 



or a phannaceutically acceptable salt thereof; 

wherein Rl is alkyl, wherein alkyl is unsubstituted or substituted with hydroxy, 
amino, Ci-4 alkoxy, Ci-4 alkylthio, or one to three fluorine atoms; 
S R2 is amino, fluorine, hydroxy, merc^to, Ci^ alkoxy, or Ci.io alkylcatbonyloxy; 

R3 and R4 are each independently selected from the group consisting of hydrogen, 
cyano, azido, halogen, hydroxy, mercapto, amino, Ci^ alkoxy, Ci-io 
alkylcatbonyloxy, C2-4 alkenyl, C2A alkynyl, and Ci^ all^l, wha:ein alk^ is 
unsubstituted or substituted with hydroxy, amino, Ci-4 alkoxy, Ci-4 alkyltiuo, or one 

10 to three ihiorine atoms; 

r5 is hydrogen, Ci-io all^lcaibonyl, P3O9H4, P2D6H3, or P(0)R13r14; 

r6 and r7 are each indepradratly hydrogen, methyl, hydroxymethyl, or fluoromediyl; 
r8 is hydrogen, Ci^ alkyi, C2-4 alkynyl, halogen, cyano, carboxy, Ci^ 
alkyloxycaibonyl, azido, amino, Ci^ alkylamino, di(Ci^ alkyl)amino, hydroxy, 

15 Ci^ alkoxy, Ci-6 alkylthio, Ci^ alkylsulfonyl, or (Ci^ alkyi)0-2 aminomethyl; 
R9 is hydrogen, cyano, nitro, C1.3 alkyl, NHCONH2, CONR12r12, CSNR12r12, 
C!00R12, C(=NH)NH2. hydroxy, Ci-3 alkoxy. amino. Cm alkylamino. di(Ci^ 
a]kyl)amino, halogen, (13-oxazol-2-yl), (13-tiuazol-2-yI), or Omidazol-2-yl); wheran 
alkyl is unsubstituted or substituted with one to three groiq»s independratly selected 

20 from halogen, amino, hydroxy, carboxy, and C1-3 alkoxy; 

RlO and Rl 1 are each independently hydrogen, hydroxy, halogen, C1-4 alkoxy, 
amino, Cl^ alkjdamino, di(Ci-4 alkyl)amino, €3^ cycloalkylamino, di(C3-6 
cycloaIl7l)amino, or €4^ cycloheteroalkyl, unsubstituted or substituted with one to 
two groups independently selected IGrom hsiosstu hydroxy, ammo. Cm 

25 Ci-4 alkoxy; 

each Rl2 is independently hydrogen or Ci^ alk^; and 
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Rl3 and Rl4 are each independently hydroxy, OCH2CH2SC(=0)Ci^ alkyl, 
OCH20(C=OXX:i-4 alkyl, NHCHMeC02Me, 0CH(Ci-4 alkyl)0(C=0)CM alkyl, 

0(CH2)9CH3 OCX)(CH2)i4CH3 . 

The coiiq>oiinds of fonnula I are useful as inhibitors of RNA- 
5 dependent RNA viral polymacase and in particular of HCV NS5B polymerase. They 
are also inhibitors of RNA-dependent RNA viral replication and in particular of HCV 
replication and are useful for the treatment of RNA-dependent RNA viral infection 
and in particular for the treatment of HCV infection. 

Also encompassed within the present invention are pharmaceutical 
10 compositions ccHitaining the compounds alone or in combination with other agents 
active against RNA-dependent RNA virus and in particular against HCV as well as 
methods for the inhibition of RNA-dependent RNA viral replication and for the 
treatment of RNA-dqpendent RNA viral infection. 

15 DETAEJED DESCRIPTION OF THE INVENTION 

The present invention relates to compounds of structural formula I of 
the indicated steteochemical configuration: 




or a pharmaceutically accqytable salt thereof; 
20 wherem is Ci-4 alkyl, whetdn aDgrl is unsubstituted or substituted with hydroxy, 
amino, Ci^ alkoxy, Ci^ alkyltfaio, or one to tinee fluorine atoms; 
r2 is amino, fluorine, hydroxy, mercapto, Ci^ alkoxy, or Ci-io alk^cartxmyloxy; 
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r3 and R4 are each independenUy selected from the group consisting of hydrogen, 
cyano, azido, halogen, hydroxy, merc^. amino, Ci4 alkoxy, Ci-iO 
alkylcaibonyloxy, C2A aftenyl. C24 alkynyl, and Ci^ alkyl, wherein alkyl is 
unsubstituted or substituted with hydroxy, amino. CiA alkoxy. aDcylthio. or one 

5 to three fluorine atoms; 

r5 is hydrogen. Ci-iO alkylcaibonyl. P3O9H4. P20dH3, or P(0)R13R14; 
r6 and R7 are each independently hydrogen, methyl, hydroxymethyl. or fluoromethyl; 
r8 is hydrogen, Ci^ alkyl, C2A alkynyl, halogen, cyano, caiboxy. Cm 
alkyloxycaibonyl, azido, amino, Ci-4 alkylamino, di(Ci-4 alkyl)amino, hydroxy, 

10 Ci^ alkoxy. Ci^ alkylthio, Ci-6 alkylsulfonyl, or (Cm alkyl)0-2 aminomethyl; 
r9 is hydrogen, cyano, nitro. C1.3 alkyl, NHCONH2, CONR12r12, CSNR12r12. 
C00R12. C(=^fH)NH2. hydroxy, Ci-3 alkoxy. amino, C1-4 alkylammo, di(Ci-4 
alkyl)amino, halogen, (1.3-oxazol-2-yl), (13-thiazol-2-yl). or (imidazol-2-yl); wheiem 
alkyl is unsubstituted or substituted with one to three groups mdependently selected 

15 from halogen, amino, hydroxy, carboxy, and Ci-3 alkoxy; 

RlO and Rll are each independcaitly hydrogen, hydroxy, halogen. Cm alkoxy, 
amino. Cm alkylamino, di(CM all^l)amino, C3^ cycloalkylamino, di(C3^ 
cycloalkyl)amino, or Ca-6 cycloheteroalkyl, unsubstituted or substituted with one to 
two groups indepOTdentty selected from halogen, hydroxy, amino. Cm allqfl, and 

20 Cm alkoxy; 

eadi R12 is independently hydiogen <xr Ci^ alkyl; and 

Rl3 and Rl4 are each independendy hydroxy. OCH2CH2SC(=0)Cm alkyl. 

0CH2O(C=0)0Cm alkyl, NHCHMeCOiMe, OCH(Cm alkyl)0(C=0)CM alkyl, 

0(CH2)9CH3 OCO(CH2)i4CH3 . 

25 Tlie compounds of f onxuila I ate usefiil as inhibitors of SNA-dependrat 

RNA viral polymerase. They are also inWbitors of RNA-dependentRNA viral 
repUcalion and are useful fcMrttie treatment of RNA-dependentRNA vical infection. 

In one embodimmt of the compounds of structural formula I are tfie 
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or a phaxmaceutically acceptable salt thraeof ; 

wherrin 

Rl is Ci-3 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy, amino, 
5 C1.3 alkoxy, C1-3 alkylthio, or one to three fluorine atoms; 

r2 is hydroxy, fluoro, C1.3 alkoxy, or Ci-g alkylcaibonyloxy, 

r3 is hydrogen, halogen, hydroxy, amino, C1-3 alkoxy, or Ci-8 alkjicaibonyloxy; 

r5 is hydrogen, Ci-g alkylcarbonyl, P3O9H4, P2O6H3. or PO3H2; 

r8 is hydro^n, amino, or Ci^ alkylamino; 
10 R9 is hydrogjen, cyano, methyl, halogpn, or CONH2; and 

RlO and Rll are each independently hydrogen, halogen, hydroxy, amino, 

Ci^ alkylamino, di(Ci-4 alkyl)amino, or C3-6 cycloalkylamino. 

Jn a second embodiment of the compounds of structural formula I are 

the compounds of structural formula II wherein: 
15 Rl is methyl, fluoromethyl, hydroxymethyl, difluoromethyl, trifluoromethyl, or 

aminomethyl; 

r2 is hydroxy, fluoro, or methoxy; 

r3 is hydrogpn, fluoro, hydroxy, amino, or methoxy; 

rS is hydrogen or P3O9H4; 

20 RS is hydrogen or amino; 

R9 is hydrogen, cyano, mettiyl, halogen, or CONH2; and 

RlO and Ril are each independently hydrog^ fluoro, hydroxy, or amino. 

Illustrative but nonlimiting examples of oompoimds of the present 
invention of structural formula I which are useful as inhibitors of RNA-dependent 
25 RNA viral polymerase are Ifae following: 

4-anano-7-(2-C-methyl-4-4hio-P-I>-ribof^ and 
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2-ainmo-7-(2-C-inethyl-4-thio-P-I>ribofimB»syiH^^ 
4(3fl>one; 

and the corresponding 5'-triphosphates; 
or a jrfiannaceutically acceptable salt thereof. 
5 In one embodiment of tte present inventi«i, the ftionucleoside 

compounds of the present invention are useful as inhibitors of positive-sense single- 
stranded RNA-dependent RNA viral polymerase, inhibitors of positive-sense single- 
stranded RNA-dependent RNA viral replication, and/or for the treatment of positivfr- 
sense smgle-stianded RNA-dependent RNA viral infection. In a class of this 
10 embodiment, the positive-sense single-stranded RNA-dependent RNA virus is a 
Flamiridae virus or a Piconumridae virus. In a subclass of this class, the 
Picomaviridae vims is a rinnovirus, a poUovirus, or a hepatitis A vims. In a second 
subclass of this class, the FlavMridae virus is selected firom the group consistmg of 
hepatWs C vims, yeUow fever vmis, dengue vims, West Nile virus, Japanese 
15 encephahti8virus,Ban2iviru8,andbovineviraldiatrheavirus(BVDV). Ihasubclass 
of this subclass, the FlavMridae vims is h^atitis C virus. 

Another aspect of the present myention is concerned with a method for 
inhibiting RNA-dq»endent RNA viral polymerase, a method for inhibiting RNA- 
dependent RNA viral repUcation, and/or a method for treating RNA-dependent RNA 
20 viral infection m a mamnwa in need thereof comprising adrninistering to the mammal 
a thetapeudcally effective amount of a compound of structural f omnila L 

In one embodiment of this a^iect of die presrait invention, the RNA- 
depmdent RNA viral polymoase is a positive-sense smg^e-stcanded RNA-dependent 
RNA viral polymerase. In a class of this embodiment, the positive-sense single- 
25 stranded RNA-d^dent RNA viral polymerase is a FlavMridae viral polymerase or 
a Picomaviridae viral polymoase. hi a subclass of this class, tte Picomaviridae viral 
polymerase is rhmovims polymerase, poUovims polymerase, or hepatitis A virus 
polymerase, hi a second subclass of this class, flie FlavMridae viral polymerase is 
selected ftom the group consisting of hqwtitis C vnus polymetase, yellow fever vims 
30 polymKase,daigae vims polymerase, West Nile virus polymerase, J^anese 

encephalitis vims polymerase, Banzi virus polymerase, and lioviiie viral dianhea virus 
(B'VDV)po^merase. lDasubda88oftiiis8tdx:lass,1hei'lavfviri<iaeviidpdy^ 
is hqmtitis C vims polymerase. 
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Jn a second ranbodiment of this aspect of the present invention, the 
RNA^pendent RNA viral repUcation is a positive-sense single-stranded RNA- 
dependent RNA vital repUcation. b a class of this enibodiment, the positive-sense 
single-stranded RNA-dependent RNA viral replication is Flamiridae viral replication 

5 or Picomaviridae viral i^Ucadon. In a subclass of this class, the Picomavmdae 
viral replication is rWnovirua repUcation, poUovirus repUcation, or hepatitis A virus 
lepUcation. fa a second subclass of this class, the Flaviviridae viral repUcation is 
selected fiom the group consisting of hepatitis C virus repUcation, yeUow fever virus 
repUcation, dengue vims repUcation, West Nile virus repUcation, Japanese 

10 encephaUtis virus repUcation, Banzi virus repUcation. and bovine viral dianhea virus 
lepUcation. In a subclass of this subclass, the Flaviviridae viral repUcation is hepatitis 

C virus repUcation. 

In a tibird embodiineDt of this aspect of present invention, the RNA- 
dependent RNA viral infection is a podtive-saise angle-straiMled RNA^Jependent 

15 viral infection, fa a class of Oiis anbodiinent, fl» positive-sense single-stranded 

RNA-dq)endent RNA viral infection is Flaviviridae viral infection or Picomaviridae 
viral infection, fa a subclass of this class, the Picomaviridae viral infection is 
ihinovirus infection, poUovirus infection, or hepatitis A virus infection, fa a second 
subclass of this class, Ae Flaviviridae viral infection is sdected from the groiq? 

20 consisting of hepatitis C virus infection, yellow fever virus infecticm, dengue virus 
infection. West Nile vims infection, Japanese encephaUtis vims fafection, Banzi vims 
infection, and bovine viial dianhea vims infection, fa a subclass of diis subclass, the 
/flovrvjfU^ vixd isfiBCtion is hq^tiis C v^ 

Throu£^out the instant ^Ucation, the f oUowing trams have the 

25 indicated meanings: 

The all^l groups specified above are intended to include those aSkyl 

groups of the designated lengd) in eiAex a straight or branched configuration. 

Exemplary of such aUgrl groups are methyl, ethyl, propyl, isopropyl, butyl, sec-buQrt, 

tertiary but^, pentyl, isopoityl, ix^yl, iscdiex.]^. and the Uke. 
30 iiiB torn "alken^shaU mean strmght or bnmdied chain alkenes of 

two to ax total carbon atoms, or any number withm dns range (e.g., elfaen:sd> propen]^ 
buten^, pratenyl, etc.). 

Die term "alkynyr shaU mean straight or branched diain aUcynes of 
two to six total carbon atoms, or any number wi^ diis range (e.g., ethynyl, 
35 propynyl.butynyl.pentynyl,etc.). 

-10- 
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The tenn "cydoalkyi" shall mean cycKc rings of alkanes of three to 
eight total carbon atoms, or any number within this range (i.e., cyclopropyl, 
cyclobutyl, cyclopentyl. cyclohexyl, cycloheptyl, or cyclooctyl). 

Hie term "cydoheteatoalkyl" is intended to include non-aromatic 
5 heterocycles containing one or tvwheleroatoms selected from nitrogH^ 

suKur. Examples of 4-6-inembeiedcycloheteroalkyl include azetidinyl.pyrroUdinyl. 
piperidinyi, motpholinyi. thiamorpholinyl. imidazolidinyl. tetrahydrofimmyl, 
tetrahydropyranyl, tetrahydrothiophenyl, piperazinyl. and the like. 

The term "alkoxy" refers to straight or branched chain alkoxides of the 
10 number of carbon atoms specified (e.g.. Cm alkoxy), or any number within this 
range [i-e., methoxy (MeO-). ethoxy, isopropoxy, etc.]. 

The term "alkylthio" refers to straight or branched chain alkylsuffides 
of the number of carbon atoms specified (e.g.. Ci-* alkylthio). or any number within 
this range [i.e., methylthio QJSeS-), ethyltWo, isopropyWiio, etc.]. 
15 The tenn "all^lamino" refers to straight or branched alkylamines of 

the number of carbon atoms specified (e.g.. Cm alkylamino), or any number within 
this range [i.e., melhylamino, ethylanuno, isopropylamino, t-butylamino, etc.]. 

The term "alkylsulfonyr refors to straight or branched chain 
alkylsulfones of the number of carbon atoms specified (e.g., Ci^ alkylsulfonyl), or 
20 any number within this range p e.. methylsulfonyl (MeS02-). ediylsulfonyl, 

isopropylsulfonyl, etc.]. 

Tbe term "attyloxycarixm^" refers to straight or branched chain estero 
of a carboxyHc acid derivative of the present invention of the number of carbon atoms 
specified (e.g, CM alkyloxycarbonyl), or any number within this range [i.e.. 
25 methyloxycarbonyl (MeOCO-). ethyloxycarbonyl, or butyloxycarbonyl]. 

The term "aryl" includes both phenyl, naphthyl. and pyridyl. The aryl 
group is optionally substituted with one to three groups independently selected from 
Cm alkyl, halogen, cyano. nitro, trifluoromelhyl. Cm alkoxy, and Cm alkylthio. 

The term "halogen" is intended to mclnde the halogen atoms fluodne. 

30 chlaiiiie, bromine and iodine. 

Hie term "snbstxtatBtT shall be de»ned to include multiple degrees of 
substitution by a named substitnenL Where multiple substituent moieties arc 
disclosed or claimed, the substituted compound can be independently substituted by 
one oc more of tiie disclosed or claimed substiturait mmeties, singly or plurally. 
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The term "5'-tiiphosphate" refers to a triphosphoric acid ester 
derivative of the 5'-hydroxyl group of a thionucleoside confound of the present 
invention having the following general structural fomula nt 




0 0 0 

II II n 

HO''f^0^f'"0"I"rp 
OW OH OH 



(III) 

whodn r1-R11 are as defined above. Hie ccHopouads d the present invention are 
also intended to inctade phannaceuticany acceptable salts of the triphosphate ester as 
well as phannaceutically acc^table salts of S'-monqphosphate and S'-diphosphate 
ester derivatives of dw stnictiiral formulae IV and W, ie^ectively» 



10 



O 

II 

HO^f^O 
OH 



(IV) 



o 

It 




The term "5*-(S-acyl-2rthioethyi)ph08phate" or "SATF* refisrs to a 
mono- or di-ester doivative of a S'-mmiophosidiatB thionodeosidB derivative of the 
present invention structural formulae VI and Vn, respectively, as wdl as 
pharmaceudcaUy accq>table salts of die mano-ester. 



15 
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•n» tenn "compodtioii", as in "pludmaceatical compoMtion," is 
intended to encompass a product conipite^ active iiigiedieirt(8) and Ihe inert 
ingtedient(s) that make up fte canier, as well as any product which results, directly or 
5 indirectly, tom combination, complejialiOT or aggregation of any two or more 

mgredients, or from dissociation of one or more of the ingredients, or from other lypes 
of reactions or interactions of one or more of tiie ingredients. Accordingly, the 
phannaceutical compositions of tiie present invention encompass any composition 
made by admixing a compound of tiie present invonticii and a ^lannaceutically 

10 acceptable carrier. 

The terms "adnrimstiation or and "administering a" compound should 
be understood to mean providing a con^und of tiie invention or a prodrug of a 

componnd of tiie invention to tiie individual in need. 

Anoflier aspea of tiie present inventira is concerned witii a metiiod of 
15 inhibiting HCVNS5B polymerase, inhibiting HCVrepKcation, or treating HCV 
infection witii a compound of tiie present invention in combination witii one or more 
agents useful for treating HCV infection. Such agents active against HCV include, 
but are not limited to, ribavirin, levoviiin, vhamidine. tiiymosin aI0ia-l, intei£Bron-P, 
interferon-o, pegylated mterfBron-a (peglnteifcton-a), a comhmation of interferon-a 
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and ribavirin, a combination of peginterfeion-a and ribavirin, a combination of 
interferon-a and levovirin. and a combination of pegintetfeion-a and levovffln. 
Interferon-a includes, but is not limited to, lecombinant interf«sron-a^ 
Roferon interferon available &omHoffinlam.LaRoche.N1Itley,^f]). pegylated 
5 interferon-a2a(Pega8ys™).interferon-a2b(80chasIiitr^ 

ScheringCorp.,KenUworth,N3),pegylatedinterferonrKi2^ U 
mcombinant consensus interferon (such as inlerfeion alphacon-1). and a purified 
interfcion-opioduct Amgen's recombinant consensus interferon has the bnmd name 
Bifergpn®. Uvovirin is the L^antiomer of ribavirin which has shown 
10 immunomodulatory activity similar to ribavirin. Viramidine represents an analog of 
ribavirin disclosed in WO 01/60379 (assigned to ICN Pharmaceuticals). In 
accordance with this method of the present invention, the individual canq»onents of 
the combination can be administered separately at different times during the course of 
therapyorconcmrentlyindividedorshiglecomhinationforms. Ihe instant invention 
15 istberefoietobeimderstoodasembracingallsuchiegimesofsimultaneousor 

alternating tieatmMit, and the term "administering" is to be interpreted accordingly. It 
will be understood that the scope of combinations of the compounds of this invention 
with other agents useful for treating HCV infection includes in principle any 
combination with anypharmaceuticalcompositionfbrtreatingHCV infection. When 
20 acompoundofthepresentinventionorapharmaceuticallyacceptablesaltthereofis 

used in combination with a second therapeutic agsnt active against HCV, the dose of 
eadi compound may be either the same as or different firam the dose when the 

confound is used alone. 

FW 4e treatment of HCV mfection, the compounds of Ihe present 

25 invention liiayjdso be administered m combination with an agent tiiat is an inWWto^ 
of HCV NS3 serine protease. HCV NS3 serine protease is an essential viral enzyme 
and has been described to be an excellent targpt for inhibition ofHCV lepUcation. 
Both substrate and non-substrate based inWbitars of HCV NS3 protease inhibitors are 
disclosed in WO 98/22496, WO 98/46630, WO 99/07733. WO 99/07734, WO 

30 99/38888. WO 99/50230, WO 99/64442, WO 0a«»543. WO 00/59929, CSB-2337262, 
WO02/48116, WO 02/48172, andU.S. Patent No. 6323,180. HCV NS3 protease as 
a target for the development of inhibitors of HCV repHcation and for tiie treatment of 
HCV infection is discussed m B.W. Dymock, "Emerging therapies for hepatitis C 
vims infection," Pf["«y"|^P"»p8- 6: 13-42 (2001). 
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Ribavirin, levovirin, and viramidine may exert their anti-HCV effects 
by modulating intraceUular pools of guanine nucleotides via inhibition of the 
intracellular enzyme inosine monophosphate dehydrogpnase (IMPDH). IMEDH is the 
rate-hmiting enzyme on the biosynthetic route in de novo gqanine nucleotide 

5 Wosyntheas. Ribavirin is leadUy phosphorylated intracelhilarly and the 

monophosphate derivative is an inhibitor of IMPDH. Thus, inhibition of IMPDH 
represents another useful target for the discovery of inhibitors of HCV lephcation. 
Therefore, tfie conqwunds of the present inventirai may also be administered in 
combination with an inhibitor of IMPDH. such as VX-497, which is disclosed in WO 

10 97/41211 and WO 01/00622 (assigned to Vertex); another IMPDH inhibitor, such as 
that disclosed in WO 00/25780 (assigned to Biistol-Myers Squibb); or mycophenolate 
mofetil [see A.C. Allison andEAl Eugui, Agents Action. 44 (Suppl.): 165 (1993)1. 

Ftor the tteatmratt of HCV infiwtion, tiie compounds of fl»e present 

invention may also be administBredm combination witii ttie antiviral agent 
15 oi«»a«t«Hi«*> (1 -aminofldamantane) ffor a comprdKaisive description of diis agent, see 
J. Kirschbaum, ^fi Pr^fiWDmgSubs. 12: 1-36 (1983)]. 

The conqpounds of the present invention may also be combined for the 
treatment of HCV infection wifli antiviral 2'-C-branched ribonucleosides disclosed in 
R. E. Harry-O'kuru, et al., J- Or^- Chem. 6 2: 1754-1759 (1997); M. S. Wolfe, et al., 
20 Tetrahedron Lett. 36: 7611-7614 (1995); U.S. PatentNo. 3,480.613 (Nov. 25. 1969); 
Intematiomd Publication Number WO 01/90121 (29 November 2001); IhtMnational 
PobUcation Number WO 01/92282 (6 December 2001); and Ihteinational Public 
Number WO 02/32920 (25 April 2002); the contents of each of which are 
incoiporatedbyiBferenceinthdrentirety. Such 2'-C-branched ribonucleosides 
25 include, but are not limited to, r-C-methyi-cytidine. 2'-C-metiiyl-uridine, 2'-C- 
metiiyl-adenosine, 2'-C-m»fliyl-guanosine, and 9-(2-C-mBaiyl-P-D-ribofuranosyl)- 

2,6-diaininopurine. 

The compounds of the present mvention may also be combhied fa tiie 
treatment of HCV infection with other nucleosides havfag anti-HCV properties, such 
30 as fliose disclosed in WO 02/51425 (4 July 2002), assigned to Mitsubishi Phanna 
Corp.; WO 01/79246, WO 02^2920, and WO 02/48165 (20 June 2002), assigned to 
Fhatmasset, Ltd.; WO 01/68663 (20 September 2001). assigned to ICN 
Pharmaceuticals; WO 99/43691 (2 SepL 1999); WO 02/18404 (7 March 2002). 
assigned to Hoftoann-LaRoche; and U.S. 2002^)019363 (14 Feb. 2002). 
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The compounds of the present invention may also be combined for the 
treatment of HCV infection with non-nucleoside inhibitors of HCV polymerase such 
as those disclosed in WO 01/77091 (18 Oct 2001), assigned to Tularik. Inc.; WO 
01/47883 (5 July 2001). assigned to Japan Tobacco, Inc.; WO 02/04425 (17 January 
5 2002). assigned to Boehiingprlngelheim; WO 02/06246 (24 Jan. 2002), assigned to 
Istitttto di Riceiche di BiologiaMoleculare P. Angeletti SJPA.; and WO 02^0497 (3 
March 2002). 

By **pharmaceutically acceptable** is meant that the carrier, diluent, or 
excipient must be compatible with the other ingredients of the formulation and not 

10 deletOTOus to the recipient thereof. 

Also included within the presmt invMition are pharmaceutical 
compositions comprising the thicmucleoside compounds and derivatives hereof of the 
present invention in assodation with a pharmaceuticaflyaccepta^ Another 
exan^le of the invention is a pharmaceutical composition made by combining any of 

15 the coriqKmds described above and a pharniaceuticallyacceptaW^ Another 
illustiati(m of the invention is a prwess for making a pharmaceutical composition 
comprising combining any of the compounds described above and a pharaiaceutically 

• acceptable carrier. 

Also included within the present invoation are pharmaceutical 

20 compositions useful forinUbitingRNA-^iependentRNA viral polymerase in 

particular HCV NS5B polymerase conoprising an effective amount of a compoand <rf 
the present mvention and a pharmaceuticallyaccqptable carrier. Hiarmaceutical 
compositions useful for treating RNA-dependent RNA viral infection in particular 
HCV infection are also enconqwssed by the present invention as well as a metiiod of 

25 inhibiting RNA-dependent RNA viral polymerase in particular HCV NS5B 
polymerase and a method of treating RNA-dependent viral replication and in 
particular HCV replication. Additionally, tiie present invention is directed to a 
pharmaceutical ccmiposition comprising a tiier^ieutically efiEective amount of a 
compound of the present invmtion in combination with a tiierap^itically effective 

30 amount of anodic agrat active agidnst RNA-dependent RNA virus and in particular 
againstHCV. Agrots active against HCV indude.bm are not limited to, ribavirin, 
levovirin, viramidme, thymosin alpha-1, an inhibitor of HCV NS3 serine protease, 
interferon-o, pegylated interf eron-a (peginterferonnx), a combination of interfte)n-a 
and ribavirin, a combination of peginterf eronnx and ribavirin, a combination of 

35 interferon-a and levovirin, and a combination of pe©nterfcron-a and levovirin. 
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laterferon-a includes, but is not limited to, recombinant interferon-a2a (such as 
Roferon interferon available from HofEmann-LaRoche, Nuttey, NJ), intetferon-Ki2b 
(such as Intron-A interferon available from Schering Corp., Kenilworth, NJ), a 
consensus interferon, and a purified interfcran-a product Fot a discussion of 
5 ribavirin and its activity against HCV, see J.O. Saunders and S A. Raybuck. "faosine 
Monophosphate Dehydrogenase: Consideration of Structure, Kinedcs, and 
Therapeutic Potential," Ann. Ren, Med Chem, . 35: 201-210 (2000). 

Another aspect of the presait invention provides for the use of the 
thionucleoside compounds and derivatives thereof and their pharmaceutical 
10 compositions for the manufacture of a medicament for the inhibition of RNA- 

dependent RNA viral replicati(Ki, in particular HCV replication, and/or Ac treatment 
of RNA-KlepradentRNA viral iiifection, in particular HCV infe^ YetafurOier 
aspect of the present invention provides for die thionucleoside confounds and 
derivatives thereof and tbetr pharmaceutical compositions for use as a medicament for 
15 the inhibition of RNA-dqpendent RNA viral replication, in particular HCV 
replication, and/or for the tteatm^nit of RNA-dependent EUNfA viral infection, in 
particular HCV infection. 

Hie pharmaceutical compositions of the preset invention comprise a 
compound of structural formula I as an active ingredient or a phannaceutically 
20 acc^table salt thereof, and may also contain a phannaceutically acceptable carrier 
and optionally other therapeutic ingredients. 

The nnmpnaitifma include compositions suitable for oral, rectal, 
topical, parenteral Oncluding subcutaneous, intramuscular, and intravenous), ocular 
(ophthalmic), pulmonary (nasal or buccal inhalation), or nasal administration, 
25 although the most suitable route in any given case will depend on die nature and 
seventy of tlie conditions being treated and on the nature of the active ingcedient 
Ihey may be convenientiy presented in unit dosage form and prepared by any of the 
m^hods well-known in die art of pharmacy. 

In practical use, the conqK>unds of structural formula I can be 
30 combmed as the active ingredient in intimate admixture with a pharmaceutical carder 
accordhig to conventional pharmaceutical compounding techniques. The carrier may 
take a wide variety of forms depending on the form of preparation desired for 
administration, e.g., oral or parenteral (including intravenous), hi pr^aring the 
compositions for oral dosage form, any of the usual pharmaceutical media may be 
35 enq)loyed, such as, for example, water, glycols, oils, alcohols, flavcaing agents, 
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preservatives, coloring agpnts and the like in the case of oral Uquid preparations, such 
as. for example, suspensions, elixiis and solutions; or earners such as starches, sugars, 
miciocrystalline cellulose, diluents, granulating agents, lubricants, binders, 
disintegrating agents andthelikeinthecaseoforal soUd preparations such as, for 
5 example, powders, lumi and soft c^ules and t*lets, with the soHd oral preparations 

being prefared ovar fl»e liquid jweparatioos. 

Because of their ease of administration, tablets and capsules repiesrat 
the most advantageous oral dosage unit form in which case soUd pharmaceutical 
carriers are obviously employed. If desired, tablets may be coated by standard 

10 aqueous ornonaqueous techniques. Such compositions and preparations should 

contain at least 0.1 percent of active compound. The percentage of active compound 
in these compositions may, of course, be varied and may conveniently be between 
about 2 percent to about 60 percent of the weight of the unit Tlje amount of active 
compound in such timajpeutically useful compodtions is such that an effective dosage 

15 win be obtained. The active craipounds can also be adininisteredintranasaDy as, for 

example, liquid drops or spray. 

Hie tablets, pills, c^ules, and the like may also contain a hinder such 
as gum tragacanfli, acacia, com starch or gelatin; excipients such as dicalcium 
phosphate; a disintegrating agent sudi as com starch, potato starch, alginic add; a 
20 lubricant such as magnesium stearate; and a sweetemng agent such as sucrose, lactose 
orsaccharin. When a dosage unit form is a capsule, it may contain, in^tion to 
materiab of tiw above type, a liquid carrier such as a fatty oil. 

Various otber materials may be presoit as coatings or to modify die 

physical form of die dosage unit For instance, tablets may be coated willi shellac, 
25 sugar or botii. A symp or elixir may contain, in addition to the active ingredient 
sucrose as a sweetening agent metii^ and prop^parabens as laeservatives, a dye and 

a flavoring such as cherry or orange flavor. 

Compounds of structural foiinula I may also be administered 
pareoloally. Solutions or suspensions of these active compounds can be prqwied in 
30 water suitably mixed witii a surfactant such as hydK)xyi«rqpylcell"Io8*- Diq«^«» 
can also be prepared in glycerol, liquid polyethylene glycols and mixtures thereof in 
dls. Under ordinary conditions of stor^ and use, tiiese preparations contain a 
preservative to prevent die growtii of nucroorganisms. 

The pharmaceutical forms suitable for injectable use include sterile 
35 aqueous solutions or dispersions and sterile powdos for the extemporaneous 
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preparation of sterileinjectaMesoliitionsordispersiQns. In aU cases, the fonn must 
be sterile and must be fluid to the extent that easy syringability ejdsts. It must be 
stable under the conditians of manufacture and stwagp and must be preserved against 
theconlaminating action ofmicioorganisms such as bacteria andto^^ The carder 
5 can be a solvent or dispersion medium containing, for example, water, ethanol. polyol 
(e.g. glycerol, propylene glycol and Hquid polyethylene glycol), suitable mixtures 

thereof, and vegetable oils. 

Any suitable route of administration may be employed for providing a 
mammal, especially a human with an effective dosage of a compound of the present 

10 invention. For example, oral, rectal, topical, parenteral, ocular, puhnonaiy, nasal, and 
the like may be employed. Dosage forms include tablets, troches, dispersions, 
suspensions, solutions, capsules, creams, ointments, aerosote. and the like. Preferably 
confounds of structural foimala I are adnumstered orally. 

Fbr oral admimsbntion to humans, the dosage ran^ is 0.01 to 1000 

15 mgflcg body weight in divided doses. In one embodiment the dosage range is 0.1 to 
100 mg/kg body weight in divided doses. In anotiier embodiment tiie dosage range is 
0.5 to 20 mg/kg body weight in divided doses. For oral administration, tiie 
compositions are preferably provided in the form of tablets or capsules containing 1.0 
to 1000 milligrams of tiie active ingredient, particularly. 1, 5, 10, 15, 20, 25, 50, 75, 

20 100, 150, 200, 250, 300, 400, 500. 600, 750. 800, 900, and 1000 naDigtams of the 
active ingredient for symptomatic ajSustment of the dosage to fl» patient to be 

treated. 

The efifective dosage of active ingcediait eoqtloyed may vary 
dqimding on die particular compound employed, die mode of administration, die 
25 condition being treated and the severity of die condition being treated. Suchdosagp 
may be ascertained readily by a person skilled in die art This dosage regimen may be 

adjusted to provide the optimal therapeutic response. 

Tlw ccHspounds of the present invation contain one or more 
asymmetric craitets and can dins occur as laceniates and racemic matures, single 

30 emnitiQmOT,dia8teieoinedc mixtures and individual diastereraners. The present 
invention is meant to comprehaid ttiionucleoside confounds having die P-D 
Btereochemical configuration for die five-membered furanose ring as depicted in die 
structural fonnula below, tiiat is, diionucleoside compounds in which die sub^tuents 
at C-1 and C4 of die five-membMcd furanose ring have die p-stereodiemical 

35 coofiguration ("up" orientation as denoted by a bold line). 
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15 




Some of the compounds described hercm contam olefinic double 
bonds, and unless specified otherwise, are meant to include both E and Z geometric 
isomns. 

Some of the compounds described heiran may exist as tautomers such 
Bsketo-enoltaatomere. Hie individual tautomers as wdl as nrixtuies thereof are 
encompassed with compounds of structural fomiula L An example of keto-enol 
tautomBrs which are intended to be encompassed within the compounds of the present 
invention is illustrated below: 




Campoonds of structural formula I may be separated into their 
individual diastereoisomers by. for example, fractional crystallization from a suitable 
solvent, for example methanol or ethyl acetate or a mixture fljereof , or via chiial 
chromatogr^hy using an optically active stationary phase. 

Alternatively, any stereoisomer <rf a con^ond of the structural 
f orraula I may be obtained by stereospedfic synthesis using optically pure starting 
i pwtftrialB or reagrots of Imown configuration. 

The stereodwimstry of the substituents attiie C-2 andC-3 positions of 
the furanose ring of the compounds of the present invention of structural formula I is 
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denoted by squiggly lines which signifies that substituents Rl. R2. R3 and R4 can 
have either the 1 (substituent "down'O or 6 (substituent "up") configuration 
independentiyofoneanother. Notation of stereochemistry by a bold hue as at CI 
and C-4 of the finanose ring signifies that the substituent has the p^garation 
(substituent "up"). 




(0 

The compounds of the present invention may be administered in the 
formofaphaimaceulicallyacccptablesalt The tern "phaimaceutically acceptable 
salt" refers to sahs prepared ftom pharmaceutically acceptable non-toxic bases or 
10 adds including inorgwiic or organic bases and inorganic or organic acids. Sahsof 

basic compounds encompassed within the term "pharmaceutically acceptable salt" 
refer to non-toxic salts of thecompounds of this invention which are generaUy 

prepared by reacting die ftee base with a suitable organic or inorganic add. 
Representative salts of basic compounds of the present invention inchide. but are not 

15 lhnitedto,thefollowing: acetate, benzenesulfonate,benzoate, bicarbonate. Wsnlfiite. 
Wtartnite, botate, teomide. camsylale. cad)onate, chloride, ckvul^ 
dihydrodiloiide, edetate. edisylate. estolate. esylate. fumarate. gtaceptate. gluconate, 
ghitamate. glyooUylaisanilate, hexyhesordnate, hydrabamine, hydrobromide, 
hydrodiloride. hydroxynaphthoate. iodide, isothionate. lactate, lactoWonate, laurate, 

20 malalB. maleate, mandelate, mesylate, methylbromide, mediytaitrate. methylsulf ate, 
mucale, napsylate, nitrate, N-methylglucamine ammonium salt, oleate, oxalate. 



polygalacturonate, saUcylate, stearale. sulfate, subacetate. sucdnate. tamiate. tartrate, 
tooclate.tosytate,tricthiodide and valerate. Furthermore, where the compounds of the 

25 invention carry an addic mdety, suitable pharmaceudcany acceptable salts thereof 
indude, bat are not limited to. salts deiivedfiom inorganic bases including alummum. 
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„,..g.™». poBsdum. sodium, ztec. a-^ae Bto. ParttcuW, 

iOT,„™temil», lystae, meftylglucMtae. BW^Aolinc, pip««2ine. V^V<^. 
, po^te«m,l>roc«B..p>^e8.th»biomi«.tri^ 

triDroOTlamine, tromethamiiie, and the like. 

Also.mtheca8eofacarboxyUcadd(.COOH)oralcolK,lgioapbemg 

p^sent in the conq»ounds of the present invcnti(m.i*^^ 
of caAoxyUcaddderivatives. such as methyl, ethyl. «*rp^^^^ 
^5 derivativesofdcohol8.8Ucha8acetateoriiudeale.canbeemployedIiK:^ 

those esters aiidacylgioupaknowninthe art for modif3«^ 

hydrolysis characteristics for use as sustained-release or prodrug formulations. 

j^^^ ^♦i^^ Tt»»nnrler«ide n ^.r.A. «nd Derivatives of thelnyentioi^ 
20 The thionucleoside compounds and derivatives thereof of thepreseat 

invention can be preparcdfoUowingsynflieticinethoddogieswen^^^ 
practice of nudeosideandnudeotidechemistry. Reference is made to the following 
text foradesciiptiontfsynthetic methods usedin the preparation of thecoma 
oflhepresentinventioii: "Chemistry of Nucleosides and Nudeotides,"LB. 
25 TovwM«nd.ed.Vok.l-3.PlenumPies8,1988.whidiisincorporatedbyieference 
hereininitsentiiety. In particiilar reference is made to the following article and 
references cited therein for methods of preparation of thionudeosides whcrem «» nng 
oxygen is replaced withasuMur. L.Bdlon.etaL."4--'niio.RNA: a novel class of 
sugar-modified p-RNA." ACS Symposium Series (1994). 580 (Carbohydrate 
30 Modifications in Antisense Research), pages 68-79. 

The examples bdow provide dtations to Ktetature pdbHcations whidi 
contain details for the preparation of mtetmediates employed in the prt?^ 
finalcompoundsofthepresenttovaition. The thionucleoside compounds of the 
present invention were prepared according to procedures detatted in the f oUowing 
35 examples. Thecxamplesarenotfaiendedtobelimitationsonthescopeoft^ 
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invention in any vray.and they shouldnot be so coBstnied.llioseskiUedm 
nucleoside and nucleotide synthesis will readily appreciate that known variatioia of 
the conditions and pn)ces5es of the foUowing preparative procedures can be used to 
preparedieseandothercompoundsofthepresentinventioii. All temperatures are 

degrees Celsius unless otherwise noted. 

Scheme 1 

^.xylose HO^&or-^ dcBO^QToDCB 

^ (DCB = 2,4-dichlorobenzyO 
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StepK \ ^CH3 



StepL^ 




Medivl Lrxylnfuranoside (1-11 
IQ Tiiiscoinpomd is prepared according to the procedowdes^^ 

Med. Chem. 41: 3865 (1998). L-Xylose is rtined in 0.5N HQ in anhydrous MeOH 
for 5-10 hatioom temperature. The reaction mixtuie is neutralized wfthAmberiite 
IRA-400OHorDowe3i-X200amonejwhangeie8in. Hie resin is removed by 

filtration. The combined filtrate and vwaWngs are concentrated to an oil which is 
15 subjectedtocolumnchiomatograiihyonsiHcagplusinganuxtureofC^^ 

MeOH as the eluentto afford compound H as an ot/p anomeric mixture. 
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CampoundH&om Step Ais dissolved in anhydrous THF and the 
solution is cooled in an ice bath. To the cold solution is added sodium hydride (60% 
dispendon in mmeral oU) and the reaction mixture is stirred for 35 to 45 min under an 
argon atmosphere. To this mixtare is added 2,4^tichlorobenzyl chloride slowly over 

5 20min. The reaction mixture is stined for 72 h, then cooled in an ice bath. MeOHis 
added slowly to decompose excess NaH. The mixture is concentrated under reduced 
pressure and the residue is taken up in ethyl acetate and washed several times with 
water. Hie organic layer is dried over anhydrous NaiSO*. filtered, and evaporated. 
The residue is purified by siUca gel chromatography using a mixtorc of hexane and 

10 ethyl acetate as the eluenL The appropriate fractions are combined and evaporated to 
afford compound 1-2 . 

StepC: 9-/^-S-Tri-0-f2.4-<«cHorobenz vlVT^^vloge dihrnTivl dithioacetal (1-3) 
Hiis com^und is prepared by a similar procedure as that described for 

15 thepreparation of 23.5-tri-O-benzyl-L-xylose dibenzyl dithioacetal fJ^Med-Chem. 
41: 3865 (1998)]. To a solution of compound 1^ from Step B in CH2CI2 is added 
benzyl mercaptan and tin tetrachloride. The reaction mixture is stined at room 
temperature for 15 h. The reaction mixture is then neutralized with 5% aqueous 
NaHCOa solution. Hie organic lay» is separated and the aqueous layer is extracted 

20 withCH2a2. Hie combined layers are concentrated, and tiie residue is purified <m a 
silica gel column using a mixture of cyddiexane and ethyl acetate as the eluenL 
Removal of the solvent affords Hat title compound 1^. 

StepD: ftoirvl 2.3.5-tri- ^r2.4-dichlorohenzvlVL4-dithio-D- 

25 aiabinofuranoside (1-4) 

Ibis compound is prepared under similar experimental conditions as 
those described for the conespondmg periienzylalied dedvative fT.Mffd- Qi«m- 41: 
3865 (1998)1. To a sotuticHi of compound 1^ ftran Step C in a 2:1 mixture of 
anhydrous tohiene/acetonitrile is added triphenylphospWne, imidazole and iodine. 

30 ihe reaction mixture is stirred at 90»C for 24 h. The reaction is concentrated to 
diyness and the pioduct is purified by siUca gd chromatography dudng with a 
mixture of cyddiexane and ethyl acetate to fumish confound Idl. 

35 
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To a suspension of mercuric acetate in acetic add is added compound 

1- 4 from Step D and the resulting reaction mixture is stined at room temperature for 

2- 3h. The mixture is then dUuted with (%a2. washed with wa^^ 

aqueous sodium bicaibonate and S% KCN solution. The organic layer is dried over 
5 anhydrous sodium sulfate, filtered, and evaporated. The residue is purified on a silica 
gel column using a mixture of cyclohexane and ethyl acetate as eluent The 
appropriate fractions are combined and concratrated to give the title compound IrS. 

StepF: 4-ailoro-7-r2.3^-tri-0-(2,4<K chlorobenzvlV4-thio>B-I> 

10 arabinofmanosvl1-7H-pvrrolo[23-rflpvr imidine f 1-6) 

To a solution of the compound!^ from Step E(l eq) in anhydrous 
dichloromethane at is added HBr (S eq) dropwise. The resulting solution is 
stirred at O^'C for 1 h and ften at room temperature for 3 h, evq)orated 
evaporated wi& anhydreus tolurae. The oily residue is dissolved in anhydrous 

15 acetonitrile, and the solution is added to a mixture of the sodium salt of 4-chloro-lH- 
pyrrolo[23wl]pyrimidine [for preparation, see J. Chem, Soc.. 131 (I960)] in 
acetonitrile [generated in situ from 4-chlon>-liir-pyrrolo[2,3-rflpyrimidine (3 eq) in 
anhydrous acetonitrile and NaH (60% in mineral oil, 3 eq) with stirring at room 
temperature for 4 h]. The reaction mixture is stined at room temperature for 24 h, and 

20 ttien evaporated to dryness. The residue is suspended in water and extracted with 
EtOAc. The comhmed extracts are washed with hrine» dried over Na2S04,filt^ 
and evaporated. The mixture of ot/panomers is resolved either by silica g^ 
chromatogr^hy or chiral chromatography using ethyl acetate/hexane as tiie eluent 
Appropri ate fractions are combined and evfipoiated in vacuo to give the desired P-D- 

25 arabinofuranosyl isomo: 1:6. 

StepO: 4-^cm>-7-^44Mo-fi-D-arabinofurano8vlV7H'P^ 
(f|ffyrjm^(^7) 

To a sohition of confound M £Rnn Step F ( 1 eq) m dichloromethane 
30 at -TS^'C is added boron trichloride (IM in dichloromediane, 10 eq) dropwise. The 
mixture is stined at ~78**C tfien at -30**C to -20^C. The reaction is quenched by 
addition of methanol/dichlorometliane (1 : 1) and the resulting mixture stirred at - 
IS'^C, then neutralized with aqiieous ammonia at 0°C and stirred at room temperature. 
The solid is filtered and washed witfi CH2Cl2/MeOH (1/1). The comlnned filtrate and 
3S washings are evaporated, and the residue is purified by flash chromatography over 

-27- 



wo 2004/009020 



FCT/DS2003/022S56 



siHca gpl using CS^2 and CHaQz: MeOH gradient as the ehient to furnish the title 
compound 1-7. 

StepH: 4-rhW7-Q.5- ruti^80iiroDvlcti8ilo?tanedivl-4-tM^ 
5 «.ri.hiTiofaiMowi >7W-T»™lo-r2-^nvriTnidine (1-8) 

To dried ccmipoundi^ from Step G (1 eq) in anhydrous pyridine is 
added 13-dichloro-1.13,3-tetraisopropyldisiloxane (1.2 eq) and the mixture is stined 
several hours. Pyridine is removed by evaporation and the residue is partitioned 
between EtOAc and H20. The organic phase is washed with cold IN HQ, water, 
10 saturated aqueous sodium hydrogencarbonate and finally with brine. The organic 
layer is dried over anhydrous Na2S0*. filtered and evaporated. The resultmg product 
is purified on a siHca gel column using a mixture of CHaClz^MeOH as the eluenL Tlie 
solvent is removed under reduced pressure to give die title compound M • 

15 StBPL 4X3ilon>-7-f3i'UVtetrMS0D m|wldialoxanediv1.4-thio-B-D-CT^^ 
pMit«f»rim-2-ulosvlV7/f -pvrmlf>.r23-Jh)vrimidme(l-9) 
A mixture of compound M fi»m step H (1 eq), 1 3- 
dicyclohexylcarixxiiimide (3 eq) and phosphoric acid (0 J eq) in DMSO is stined at 
room ttanperature overnight The residue is purified by column chromatography over 
20 siUca gel using ata2:MeOH as duent to fimrishflietitie compound M- 

Step J: 4-C!hlQro-7-(3ii-CMetnrisoi«oH di«aoxmedivl-2-C-me^^^ 
TXTihnfiminoiMV7flH ^lo-r2J-Jli^ H-lOa^ & 

4.ch1onv7-Q.5-O-tetrai8OiMODvldi8iloxanediv l-2-C-meth>d-4-thi0-ft- 

25 n.atabinofurano8vlV7g-ovrH M'^i'^-^P^"'*'""^^^-10^^ 

To a cooled solution (-lO^C) of compound 1:2 from step I (1 eq) in 
anhydrous toluaie tmdet argon is added meth^magnesium tanxmide (3M solnin edier, 
2 eq) and fl» mixture is sdned for sevaal hours. To this mixtme is added an 
additional amount of CI^MgBr (1 eq) and stindng is continued ovenng^t at room 

30 tenq>eratiire. Hib mixtme is dien cooled to 0°C and poured onto ice wata and 
extracted with eth^l acetate. The organic layer is washed with water and dried ovar 
anhydrous Na2S04, filtered, and evj^orated. The crude product is purified by column 
chromatography over silica gd using a mixtare of acetone and dichlorometfaane to 
furnish the P-mediyi ^bo) isonaer (1-lOa) and the o-mefliyl (araWno) isomer (1-lOb). 
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StepK: 4-rii1nnv7-f2- r -Tnethv1^lMQ- f VP-rihnfiifimOSVl>-7g-PVnDl^ 
rflpvrimidin e (I-IX) 

To a solution of 1-lOa in anhydrous THF is added triethylamine (5 eq) 
and triethylamine trihydraflooride (10 eq) and leaction mixtaie is stined at room 
5 temperature ovemigbt It is then evaporated and coevi^orated with toluene and 
purified by column chroniatogK?>hy over silica gel using a mixture of MeOH in 
dicUoromethane as durat to furnish die title conqwand 1:11. 

StepL: ^Afninn-7-f2-<7-methvI.4-thio -fUl>.nT>ofiiranosvlV7H-PVrroto 
10 /f lpyrimidine f 1-12) 

To the compound from Step K is added methanolic ammonia 
(saturated at O'Q. The nuxtme is healed in a stainless steel autoclave at SS'C for 14 
h, then cooled and evaporated ii» vacuo. The erode mixture is purified rai a silica gel 
cohmm using a mixture of CHzQi'MeOH as duent to give the title con^und I2I2. 

15 

Scheme 2 

CI 
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CI 




2:7 
EXAMPIjB2 

S ^-Amincv7-/2>C-metfavl-4-^o-B-D-ribof ufm 

Step A: 7^An^iTin^hlQro>7-r23>5-tri-0-f2.4-dic MQroben^ 
arabmoftirmosvl1-7g-pvrrolor23wflpvi^ (2-1) 

10 To a solution of the compaund hS from Step E of Example 1 (leq.) in 

anhydrous dichloioniethane at O^^C is added HBr (S eq) dropwise. The resulting 
solution is stined at O^'C for 1 h and then at room temperature for 3 h, evaporated m 
vocKC and co-evq;>orated with anhydrous toluene. The oily residue is dissolved in 
anhydrous acetanitrile and added to a solution of the sodium salt of 2-amino^hloro- 

IS lfl-pyiiolo[23-^yrimidine [for piepaxation of similar conqpound, see J. ChenL Soc.. 
131 (1960)1 in acetonittae [generated in situ from 2-aniino~4-chloro-lH-pyrrolo[23- 
d]pyrimidine (3 eq) in anhydrous acetonitnle and NaH (60% in mineral oil> 3 eq)» 
\yith stirring at room temperature for 4 h]. The reaction nuixture is stirred at room 
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temperature for 24 h, and then evaporated to dryness. The residue is suspended in 
water and extracted with EtOAc. The combined extracts are washed with brine, dried 
over Na2S04, filtered and evaporated. The mixture of a/p anomers is resolved either 
by silica g^l chrcnnatography or chiral chromatography using ethyl acetate/hexane as 
5 theeluent Appropriate fractions are combined and evaporated in vacuo to give the 
desired P-D-arabinofuranosyl isomer / 

StepB: 9^AmiTin^hlQitv7-(4>tMo-B-D-arabinofuranosvlV7H^^ 

/flpyrimidine (2-7) 

10 To a solution of the compound from Step A in anhydrous CH2CI2 at 

- 78 is added a solution of 1.0 M BCI3 in CH2CI2 during 45 min. The mixture is 
stirred at -78 for3 h and at -20 ^^C for 2.5 h. MeOH-CBW:i2 (1:1) is added to the 
mixture, which is then stirred at -20 ""C for 0;5 h and neutralized vritfa cone, aqueous 
NHsatO^C. The inixtore is then stirred at room temperature fcMT 10 inin. and filtered. 

15 The solid is washed with MeOH-CH2Cl2 (1:1) and the combined filtrate and washings 
evaporated. The residue is purified on a silica gel cohimn with a mixture of 
CH2Cl2/MeOH as eluent to give the title compound 2:2. 

Step C: 2-Aminfv7- f3,5-0-(tetraisopropvldisiloxanedivlV4-thio-P'I>- 
20 arabinofuranosvl1-4-cMoro-7g-pvnx)lo p,^PYri^idine (7r3^ 

Hie con^und from Stq>B (1 eq) and imidazole (2 eq) are dissolved 
in DMF. 13-DichlQro-l»l>33-tetraisoprc9^disiloxane (1.1 eq) is added to tiie 
solution. The reacticm mixture is stirred at room temperature for 3 hand then 
evaporated. The residue is partitioned between CH2CI2 and water. The layers are 
25 separated. The organic layer is dried (Na2S04) and evaporated. The residue is 

purified on a silica gel column with a mixture of hexanes/EtOAc as eluent to give the 
titie compound 2-3. 

StepD: ^Ainiiifv^lQro-7-f3.S-0^tetraisQMODvldi^^ 
30 ervtfarQ-i)entofiiran-2-dosviV7g-PYrrDlo-r2,^^ (ZA) 

A mixture of compound 2-3 obtained fiom Step C (1 eq), 13- 
dicyclohaylcaibodiimide (3 eq) and phosphoric acid (0.5 eq) in DMSO is stirred at 
room temperature overnight. The residue is purified by column chromatography over 
silica gel using CH2Cl2:MeOH as eluent to furnish the titie compound 2dl. 

35 
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StepE: 9.-AmmcMt-rhlQnv7-f3>5-0-tetraisopnn>vldisao 

ii-thifv P-T>- ribofiiranosvlV7f/-pvrrolc>-f23-rf lpvrimia^^ f2-5a^ & 
9-pmiT1f^^.h1orD-7^(3^-0 -tetmsoll^ 
th ^rw(UT%fl^nofiiranosvlV7g-pvrro^^ f2-Sb) 
5 To a cooled solution (-WC) of con^und M frwn Step D (1 eq) in 

anhydtous toluene under argon is added methylmagnesium bromide (3M soln. in 
ether, 2 eq.) and the mixture is stirred for several hours. To this mixture is added an 
additional amount of CHsMgBr (1 eq) and stirring is continued overnight at room 
temperature. The mixture is then cooled to 0**C and poiued onto ice water and 
10 extracted with ettiyl acetate. The organic layer is washed widi water and dried over 
anhydrous Na2S04. filtered, and evaporated. The crude product is purified by column 
chromatography over silica gel using a mixture of acetone and dichloromethane to 
furnish the ^-methyl (ribo) isomer f2-5a) and the o-metbyl (arabino) isomer (?-5b). 

IS StepF: 9- ^mifirv4-cMoro-7-(2-C-ro ethvl^tfaio-B-D- iibQf!iranosvlV7tf- 

pvrrolo-r2>3 wflpYriTnidiTi e (2-6) 

To a solution of 2i5a in anhydrous THF is added triethylamine (5 eq) 
and triethylamine trihydrofluoride (10 eq) and reaction mixture is stirred at room 
tenqperature overnight. It is concmtrated in vacuo and coevapoiated with toluene and 
20 purified by column dbromatogreqphy over silica gel using a mixture of MbOR in 
dichloromethane as duent to furnish desired compound 2^6^ 

StepO: CLAmino-7-r2 .C-metfavl>4-thi o-B>D-ribofiiranosviV7g^ 
/qpYrifnidin-4(3HW>ne (2-7^ 

25 A mixture of Ae compound from StepFin 2N aqueous NaOH is 

stirred at reflux temperature for 1.5 h. The sohition is cooled in an ice-bath, 
neutralized with 2 N aqueous HQ and evaporated to dryness. Theresidueis 
suspended in MbOH, mixed with silica gel and evaporated. The solid residue is 
placed onto a siUca^ column (packed in a solvent system of The 

30 confound is elutedwidi a solvent system of CB^a2MeOH. Tbefi»ctions 
containing the product are collected and evaporated to dryness to yield die title 
compound 2::Z- 
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T^ ^nT/XSICAL ASSAYS 

The assays employed to measure the inhibition of HCV NS5B 

polymerase and HCV teplication are described below. 
5 The effectiveness of the compounds of the presait invention as 

inhibitois of HCV NS5B RN A-dependent RNA polymerase OWRp) was measured in 

die following assay. 

A Assay for Inhihitinn of HCV NS'm Polymerase: 

This assay was used to measure the ability of the thionucleoside 
10 derivatives of the present invention to inhibU the enzymatic activity of the RNA- 
dependent RNA polymerase (NS5B) of the hepatitis C virus (HCV) on aheteiomeric 
RNA template. 



Procedure: 

15 Assay Buffer ConditiOTB: (50 pL -total/reaction) 

2DinMTris,pH7.5 

SOmMEDTA 

SmMDTT 

2mMMgCl2 
20 SOmMKCl 

0.4 U/nL RNAsin O^romega, stock is 40 units/ML) 

0.75 |ig tSOO (a 500-nt RNA made using T7 runoif transoiption with a sequence 
fimn die NS2y3 x^on of the hepatitis C genome) 
1.6 (!g purified hepatitis C NS5B (form witii 21 amino adds C-terminally 
25 truncated) 

1 pM A,C,U,GTP O^ucleoside triphoq*ate mix) 

[alpha-'^Pl-GTP or [alpha-'^Pl-GTP 

The cnnpounds were tested at various coocoitistians 19 to 100 |iM 

final concentration. 

30 An appropriate vohmiB of reactirai buffer was made induding enzyme 

and template tSOO. Thionucleoside derivatives of die present invention were pipetted 
into die wdls of a 96-weU plate. A mixture of nudeoside triphosphates (NTP's), 
inchiding die radiolabeled OTP, was made and pipetted into die wells of a 96-wen 
plate. The reaction was initiated by addition of die enzymB-tenq)late reaction sohition 

35 and allowed to proceed at room temperature for 1-2 h- 
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The reaction was quenched by addition of 20 nL 0.5M EDTA, pH 8.0. 
Blank reactions in which the quench solution was added to the NEPs prior to the 
addition of the reaction buffer WOT included. 

SO (iL of the quenched reaction were spotted onto DE81 filter disks 
5 (Whatman) and allowed to dry for 30 min. The filtra wexe washed with 03 M 

ammonium formate. pH 8 (150 mUwash until the cpm in 1 mL wash is less tiian 100, 
usually 6 washes). The filters were counted in 5-mL scintillation fluid in a 
scintillation counter. 

Ihe percentage of inhibition was calculated according to the following 
10 equation: %MiibitiQn = [Hcpm in test reaction - cpm in blank) / (cpm in control 
reaction - cpm in blank)] x 100. 

Representative confounds tested in the HCV NSSB polymracase assay 
exhibited IC5o*s less than 100 micromolar. 

IS Assay for hhibition of HC V RNA ReoUcation: 

Tlie compounds of the present invention were also evalxiated for tiieir 
ability to affect the replication of Hepatitis C Virus RNA in cultured hepatoma CffiiH- 
7) cells containing a subgenomic HCV Replicon. The details of die assay are 
described bdow. This Replicon assay is a modification of that described in V. 

20 Lohmann, F. Kotoct, JO. Koch, U. Herian, L. Thcilmami, and R. BarteosdUa^,. 
*TRflpHcation of a Sub-gencmic Hepatitis C Virus RNAs in a Hepatoma Cell Line.!* 
Science 285:110 (1999). 

25 The assay was an in situ Ribonuclease protection, Scintillation 

Proximity based-plate assay (SPA). 10,000 - 40,000 cells were plated in 100-200 pL 
of media containing 0.8mg/mL G418 in 96-well cytostar plates (Amersham). 
Compounds woe added to cells at various concentrations up to 100 |iM in 1 % DMSO 
attime0tol8handthenculturedf(»r24-96h. Cells were fixed ^ min, 10% 

30 foimalinX pemeabilized (20 min, 0.25% Triton X-IOO/PBS) and hybridized 

(overnight, 50^C) with a single^tranded ^ RNA probe complementary to tiie (+) 
strand NSSB (or otiier genes) contained in die RNA viral genome. Cellswcre 
washed, treated with RNAse, washed, heated to 65T and counted in a Top-CounL 
Inhibition of v^lication was read as a decrease in counts per minute (cpm). 
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Human HuH-7 hepatoma cells, which were selected to contam a 
subgenomic ieplicon» cany a cytoplasmic RNA consistbig of an HCV 5* non- 
translated legion QJTSiX a neomycin selectable maiker, an EMCV IRES (internal 
ribosome entry site), and HCV non-stnirtuial proteins NS3 throu^ NS5B, followed 
5 bytheS'NTR. 

Representative compounds tested in the replication assay exhibited 
ECso's less than 100 micromolar. 

The thionucleoside derivatives of the present invention were also 
10 evaluated for cellular toxicity and anti-viral specificity in the counterscreens described 
below. 

C. CX)UNTBRSCP Tn?|STS' 

Hie ability of the thionucleoside derivatives of the present invention to 
IS inhibit human DNA polymerases was measured in the following assays. 

fl i[phihi|^fm nf TTntwan DNA Polymerases alpha and beta: 

Reaction Conditions: 
20 SO ^reaction volume 

Reaction buffer components: 
20mMTris-Ha.pH7.5 
200 /ig/mL bovine serum albumin 
2S lOOmMKCl 

2 mM ^mercaptoetfaanol 

10mMMga2 

1 .6 fcM dA, dO, dC, dlTP 

o-^-dATP 

30 

Enzyme and template: 

O.OS mg/mL gapped fish sperm DNA template 
0.01 UZ/iLDNA polymerase a or ^ 

35 Preparation of gapped fish sperm DNA template: 
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Add 5 mL IM MgQz to 500 /xL activated fish spenn DNA (USB 70076); 

Warm to 3TC and add 30 /iL of 65 U//iL of exonuclease m (GibcoBRL 18013-011); 

Incubate 5 min at 3TC; 

Tenninate reaction by heating to 65 % for 10 min; 
5 Load 50-100 piL aliquots onto Bio-spin 6 chiomatogcaphy columns (Bio-Rad 732- 
6002) equilibrated with 20 mMTris-HQ,pH 7.5; , 
Elute by centrifugation at l,OOOXg for 4 min; 

Pool eluate and measure absoibance at 260 nm to determine coiK:entration. 

10 The DNA template was diluted into an appropriate volume of 20 mMi 

Tris-Ha,pH 7.5 and the enzyme was diluted into an appropriate volume of 20 mM 
Tris-HQ, cQntaming 2 mM p-mercaptoethanol, and 100 mM KQ. Template and 
enzyme were pipetted into microcentrifuge tubes or a 96 well plate. Blank reactions 
excluding enzyme and control reactions excluding test compound were also prepared 

15 using razyme dilution buffer and test compound solvent, respectively. The reaction 
was initiated with reaction buffer with components as listed above. The reaction was 
incubated for 1 hour at 3TC. The reaction was quenched by the addition of 20 fiL 
0.5M EDTA. 50 ftL of the quenched reaction was spotted onto Whatman DE81 filter 
disks and air dried The filter disks were repeatedly washed with 150 mL 0.3M 

20 ammonium formate, pH 8 until 1 mL of wash is < 1 00 cpm. The disks were washed 
twice with 1 50 mL absolute etiianol and once witii 150 mL anhydrous etiier, dried and 
counted in 5 mL scintillation fluid. 

Tbt percentage of inhibition was calculated accordmg to the following 
equation: % inhibition = [l-(cpm in test reaction - cpm in blank)/(cpm in control 

25 reaction - cpm in blank)] x 100. 

I Tnhthitinn Kutnan DNA Pn lYmfirafift pr^mmfl ! 

The potential for inhifaitiQn of human DNA polymonse gamma was 
measured in reactions that included 03 ng/ pL enzyme; 10 pM dATP, dGTP, dCTP, 
30 and TTP; 2 jiCi/reaction [o-^-dATP, and 0.4 jig^pL activated fish sperm DNA 
(purchased fiom US Biochemical) in abufifer containmg 20 mMTris pH8, 2 mM p- 
mercaptoetiianol, 50 mM KQ, 10 mM MgCl2> and 0,1 jig/fiL BSA. Ele^ons were 
allowed to proceed for 1 h at 37**C and were quenched by addition of 0.5 M EDTA to 
a final concentration of 142 mM. Product formation was quantified by anion 
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exchange filter binding and scintillation counting. Compounds weie tested at iq> to 50 

The percentage of inhibition was calculated according to the following 
equation: % inhibition = [Hcpm in test reaction -cpm in blanky(cpm in co^ 
S reaction -cpm in blank)] X 100. 

The ability of the thionucleoside derivatives of the present invention to 
inhibit HTV infectivity and HIV qread was measured in the following assays. 

10 HIV Infectivity Assav 

Assays were perfonned with a variant of HeLa Magi cells expressing 
both CXCR4 and CCR5 selected for low background P-galactosidase (P-gal) 
expression. Ctells were infected for 48 h, and P-gal pn)ductionfiPoni the int^ 
HIV-1 LTR promoter was quantified with a chemiluminescent substxate (Galactoli^t 

15 Plus, Tropix, Bedford, MA). Inhibitors were titrated (in duplicate) m twofold saial 
dilutions starting at 100 pM; percent inhibition at each concentration was calculated 
in relation to the control infection. 

. 4 Inhibition of HIV Spread 
20 The ability of ttie oonq)ounds of the present invention to inhibit the 

spread of tibe human immunedeficiency virus (HTV) was measured by the mefhod . 
described in U.S. Patmt No. 5,413,999 (May 9, 1995), and JP.Vacca, et al., Proc. 
Nail, Acad. Sd.. 91: 4096-4100 (1994), which are incorporated by reference herein in 
their entirety . 

25 

The thionucleoside derivatives of the present invention were also 
screened for cytotoxicity against cultured hepatoma (HuH-7) cells containing a 
subgenomic HCV Replicon in an MTS cell-based assay as described m the assay 
below. The HuH-7 cell Une is described in H. Nakabayashi, et al.. Cancer Res .. 42: 
30 3858(1982). 

e^ CvtDtoxicitv assav: 

Cell cultures were prepared in appropri ate media at concentrations of 
^^proximately 1.5 x 10^ cells/mL for suspension cultures in 3 day incubations and 5.0 
35 X 10* cells/mL for adherent cultures in 3 day incubations. 99 jiL of cell culture was 
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transferred to wells of a 96-weIl tissue culture treated plate, and 1 |xL of 100-times 
final concentration of the test compound in DMSO was added. The plates were 
incubated at 3TC and S% CO2 for a specified period of time. After the incubation 
period, 20 pL of CeUllter 96 Aqueous One Solution CeU PtoMeration Assay reagent 
5 (MTS) (Promega) was added to each well and the plates were incubated at 37°C and 
5% CO2 for an additional period of time up to 3 h. The plates were agitated to mix 
well and absorbance at 490 mn was read using a plate reader. A standard curve of 
suspension culture cells was prepared with known cell nimibers just prior to the 
addition of MTS reagent Metabolically active cells reduce MTS to f onnazan. 
10 Focmazan absorbs at 490 mn. The absoibance at 490 nm in the presence of 
compound was compared to absoibance in cells without any conq>ound added. 
Rrference: Coiy, A. H. et al., 'Use of an aqueous soluble tettazolium/fonnazan assay 
for cell gn>w& assays in culture," nancernAmmnn, 3: 207 (1991). 

IS Die following assays were employed to measure the activity of the 

compounds of the present invention agamst other RNA-dependent RNA viruses: 

a Determination of In Vitro Antiviral Activity of Com ppp^f^ A painst Rhinovirus 
fCvtonathic Effect Tnhibition A&sav): 
20 Assay conditions are described in the article by Sidwell and Hiiffnnfln^ 

*Vse of disposable microtissue culture plates for antiviral and i nte rferon induction 
studies," A ppLMicrDbiQL 22: 797-801 (1971). 

Viiuses: 

25 Rhinovirus type 2 (RV-2), strain HGP, was used v^th KB cells and media (0.1% 
NaHCOs, no antibiotics) as stated in the Sidwell and Huf&nan reference. The virus, 
obtained from die ATCC, was ftom a tiiroat swab of an adult male with a mild acute 
febrile \rppet respiratoiy illness. 

Rhinovirus type 9 (RV-9), strain 211, and rhinovirus ^pe 14 (RV-14), strain Tow, 
30 were also obtained from the American Type Culture Collection (ATCC) in Rockville, 
MD. RV-9wasfiT)mhumanthroatwashingsandRy-14 wasfiDomatinoatswabof a 
young adult witii upper respiratory illness. Bothoffliese viruses were used witfiHeLa 
Ofaio-1 cells (Dr. Fred Hayden, Univ. of VA) vdiich were human cervical epitheldd 
carcinoma cells. MEM (Eagle's minimum essential medium) with 5% teteH Bovine 
35 semm (FBS) and 0.1% NaHCQa was used as the growth medium. 
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Antiviral test medium for aU tfaiee virus types was MEM with 5% FBS, 0.1% 
NaHCOs, 50 (xg gentaimcin/mL» and 10 mM MgCl2- 

2000 (ig/mL was the hi^est concentration used to assay the compounds of the present 
invention. Virus was addedto the assay plate approximately S min aA^ the test 

S compound Propercontrols were also run. Assay plates wm incubated with 

humidified air and 5% CO2 at Cytotoxicity was monitored in the control cells 
microscopically for morphologic changes. Regression analysis of fee virus C3ffi data 
and the toxicity control data gave the ED50 (50% effective dose) and (XSO (50% 
cytotoxic concentration). The selectivity index (SI) was calculated by the formula: SI 

10 =CC50-rED50. 

b. Determination of Id Vitro Antiviral Activity of Compounds Afgain st Denpie> 
Ban^i. and Yellow Fever (CPE Inhibition Assav) 
Assay details are provided in the Sidwdl and HufGcnan reference above. 
15 Viruses: 

Dengue virus type 2, New Guinea strain, was obtained fiom the Center for Disease 
Control. Two lines of Afdcan green monkey kidney cells were used to culture the 
virus (Veio) and to perform antiviral testing (MA-104). Both Yellow fever virus, 17D 
strain, prepared from infected mouse brain, and Banzi virus, H 336 strain, isolated 
20.. from the serum of a fdnile boy in South AMca, were obtained firo Veio 
cells wm used with both of these viruses and for assay. 

Cells and Kfedia: 

MA-104 cells (BioWhittaker, Lie, Walkeaisville, MD) and Vero cells (ATCQ were 
25 used in Medium 199 with 5% FBS and 0.1% NaHCOs and without antibiotics. 

Assay medium for dengue, yellow fever, and Banzi viruses was MEM, 2% FBS, 
0.18% NaHCps and 50 (ig gratamicinAnL. 

Antiviral testing of the compounds of tbt present invention was performed according 
30 to the Sidwell and Huf&nan reference and similar to the above rhinovirus antiviral 
testing. Actequate cytopatfaic effect (CI^ readings were achieved after 5-6 days for 
each of these viruses. 

DftrflfH^iimtirwi of h Vitro Antiviral Activity of Comp ^^^ff i^fW^^^W^NP? 
35 Virus fCPB hhiMtion Assay) 
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Assay details aie provided in the Sidwell and Huffman leference cited above. West 
Nile virus. New Yoik isolate d^ved from crow brain, was obtained fironi the Center 
for Disease Control. Vero cells were grown and used as described above. Test 
medium was MEM, 1% FBS, 0.1% NaHCQs and SO pg gentamidnAnL. 

5 

Antiviral testing of the con^unds of the present invention was performed following 
the methods of Sidwell and Hufiman which arc similar to those used to assay for 
ihinovirus activity. Adequate cytopathic effect {CPE) readings were achieved afier 
5-6 days. 

10 

d Determination of In Vitro Antiviral Activity of Compounds Against ijiino. vellow 
fjevey, dengue, Banzj, ap j West Jfde Viruses (Neutral Red Uptake Assay) 

After petfocming the CPE inhibition assays above, an additional 
cytopathic detection method was used which is described in 'Mcrotiter Assay for 
15 Inteiferon: Microspectrophotometric Quantitation of Cvtopathic Effect" AppL 

Environ. MicrobioL 31: 35-38 (1976). A Model EL309 microplate reader (Bio-Tek 
Instmments Jnc.) was used to read the assay plate. EDSO's and CD50's were 
calculated as above. 

20 EXAMPLE OP A PHARMACEimC AL FORMULATION 

As a specific mibodiment a! an ciral comi>osition of a compound of the 
presfflt invention* 50 mg of tiie conqKHmd of Example 1 or Ekanq>le 2 is fmmulated 
with sufficient finely divided lactose to provide a total amount of 580 to 590 mg to fill 
a size O hard gelatin capsule. 

25 

While the invention has been described and illustrated in reference to 
spedfic embodiments thereof, those skilled in the art will appred ate that various 
changes, modifications, and substitutions can be made tiierem witiiout departhig fiom 
the qnrit and scope of the inv»tion. Eor example, efifective dosages otiiertiiantiie 

30 prefetred doses as set forth heeinabove may be ^licable as a consequence of 

variations in the responsiveness of the human being treated for severity of the HCV 
infection. likewise, the pharmacologic response observed may vary according to and 
depending upon the particular active compound selected or whether tiim are present 
pharmaceutical carriers, as well as the type of formulation and mode of administration 

35 employed, and such expected variations or differences in tiie results are contemplated 
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in accMdance witt the objects and practices of the present invention. It is intended 
tiietefoie diat Hbe invoation be Unuted oaSy by the scope of die claims which follow 
and ftat sudi daiim be inteqnnted as broadly as is leasonable. 
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WHAT IS CLAIMED B: 

1. A compound of structural formula I: 




5 or a phannaceutically acceptable salt tiieieof ; 

wheiem Rl is Ci-4 alkyi, wherdn alkyl is unsubstituted or substituted with hydroxy, 

amino, Ci^ alkoxy, Ci^ alkytthio, or one to three fluorine atoms; 

r2 is amino, fluorine, hydroxy, mercq>to, Ci^ alkoxy, or Ci-io alkylcarbonyloxy; 

R3 and R4 are each independently selected £com the group consisting of hydiogpn, 
10 cyano, azido, halogen, hydroxy, mercapto, amino, Ci^ alkoxy, Ci-io 

alkylcarbonyloxy, C2-4 alkenyl, C2-4 alkynyi, and Ci-4 alkyl, whoein alkyi is 
unsubstituted or substituted widi hydroxy, amino. Cm alkoxy, Ci^ alkylthio, or one 
to tiuee fluorine atoms; 

R5 is hydrogpn, Ci-io alkylcaibon^, PsOglLi, P2O6H3, P(0)R13r14; 

IS R6 and R7 are each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl; 
r8 is hydrogen, Ci^ aDcyl, C2-4 alkynyi, halogen, cyano, carboxy, C1-4 
alkyloxycarbonyl, azido, amino, Ci-4 alkylamino, di(Ci^ alkyi)amino, hydroxy, 
Ci^ alkoxy, Ci^ alkylthio, Ci-6 alkylsulfonyl, or (Ci^ alk)1)o.2 aminomethyl; 
R9 is hydrogen, cyano, nitro, C1-3 alkyl, NHCONH2, CONR12r12, CSNR12r12, 

20 C00R12, C(=NH)NH2, hydroxy, C1.3 alkoxy, amino, Ci^ alkylamino, di(CM 
aIl^l)amino, halogen, (13-oxazol*-2-yl), (l,3-thia2X)l-2-yl), or Cumidazol-2-yl); wherein 
alkyl is unsubstituted or substituted with one to fhiee groups independently selected 
from halogen, amino, hydroxy, carboxy, and C1.3 alkoxy; 
RlO and Rl 1 are each indepwidently hydrogen, hydroxy, halogpn, C1-4 alkoxy, 

25 amino, Ci^ alkylamino, di(Ci^ alkyl)amino, C3^ cycloalkylamino, di(C3-6 
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cycloalkyl)ammo, or C4^ cycloheteroalkyl, unsubstituted or substituted with erne to 
two groups indq)endently selected from halogM, hydroxy, amino, Cm alkyl, and 
Cm alkoxy; 

each Rl2 is indqpradently hydros or Ci^ aUcyl; and 
5 Rl3 and Rl4ai» each indepradently hydroxy, C)CH2CH2SC(s<))CMalkyI, 

OCH20(C=O)0Cm alkyl, NHCHMeCOiMe, OCH(Cm alkyl)0(C=0)Ci^ alkyl, 



or a {dumnaceutically accQjIable salt thereof ; 
wh»ein 

is Ci,3 alkyl, wherein alkyl is unsubstituted or substituted witii hydroxy, amino, 
15 Ci-3 allcoxy, C1.3 alkylthio, or one to three fluorine atoms; 

R2 is hydroxy, fluoro, C1.3 alkoxy. or Ci-g alkylcaibonyloxy; 

R3 is hydcogra, halogen, hydroxy, amino, C1.3 alkoxy, or Ci-g alk^caibonyloxy; 

R5 is hydrogen. Ci-g alkylcartxmyl, P3O9H4, P20tfH3, or PO3H2; 

RS is hydrogen, amino, or Cm alkylamino; 
20 R9 is hydrogen, cyano, methyl, halogen, or CONH2; and 

RlO and r1 1 are each independently hydrogen, halog«i, hydroxy, amino, 

Ci^ alkylamino, di(Ci-4 alkyl)amino, or C3-6 cycloall^lamino. 




The compound of Gaim 1 of thestructmtifoanulall: 




(II) 
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3. The compound of C3aiin 2 wherein 

Rl is methyl, fluaromethyi, hydroxymethyl, difluoromethyl, trifluoromethyl, or 
aminometh^; 

R2 is hydroxy, fluoro, or mefhoxy; 
5 R3 is hydrogen, fluoro, hydroxy, amino, or methox^ 
R5 is hydrogm or P3O9H4; 

R8 is hydrogen or ainiao; 

R9 is hydrogen, cyano, methyl, halogen, or CONH2; and 

RlO and RH are each independently hydrogen, fluoro, hydroxy, or amino- 

10 

4. The compound of Claim 3 which is 
4-amino-7K2-C-meth3a-4-thio-P-D-ribofurano^^ or 
2-amino-7K2"C-methyi-4-thio-p.D-ribofuranosyl)-7»^^ 

4(3fl)-one; 

15 and the corresponding 5'-tiiphosphates; 

or a pharmaceuticaUy acceptable salt thereof. 

5. A pharmaceutical composition comprising a compound of 
Claim 1 and a phannaceotically acceptable carrier. 

^- The phannaceiiticalconqK)sitian of Claim 5 useful for 
mhibiting RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA 
replication, and/or treating RNA-dependent RNA viral infection. 

7. The phannaceutical conq>osition of Qaim 6 wheidn said 
RNA-dqwndemt RNA vind polymerase is HCV NS5B polymerase, said RNA- 
dependent RNA viral leplicadon is HCV repUcation, and said RNA-dependent RNA 
viral infectioD is HCV infection. 

8. AmediodofinhibitingRNA-dqMDdentRNAviralpolymexase 
and/or inhibiting RNA-dependent RNA viral replication compnsing arfminiatering to 
a mammal in need of such inhibition an effective amoont of a compound according to 
Qaiml. 
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9. The method of Qaim 8 wherein said RNA-dependent RNA 
viral polymerase is HCV NSSB pol^onerase and said RNA-dependent RNA viral 
replication is HCV viral replication. 

S 10. A method of treating RNA-dependrat RNA viral infection 

comprising administering to a mmmnal in need of such treatmmt an effective amount 
of a contpomid according to Qaim 1. 

1 1 The n^thod of Claim 10 wherein said RNA-dq)endent RNA 
10 viral infection is HCV infection. 

12. Themethodof Claim 11 in coxnlnnation with a therapeutically 
effective amount of another ag^t active against HCV. 

IS 13. The method of Claim 12 wherein said agent active against 

HCV is ribavirin; levovirin; thymosin alpha-1; interferon-P; an inhibitor of NS3 serine 
protease; an inhibitor of inosine monophosphate dehydrogenase; interferon-a or . - 
pegylated interferon-o, alone or in combination with ribavirin or levovirin. 

20 14. The method of Qaim 13 whetdn said agent active against 

HCV is interferon-a or pegylated interf enm-a, alone or in comlrination with ribavirin. 

15. Use of a compound of Claim 1 for the inhibition of RNA- 
dependent RNA viral polymerase or inhibition of RNA-dependent RNA viral 

25 replicatim in a mammal. 

16. Use of a compound of Claim 1 for treatment of RNA- 
dependent RNA viral infection in a mammal. 

30 17. The use of Claim 16 wherein said RNA-depmdent RNA viral 

infection is hepatitis C infection. 

1 8 . Use of a compound of Qaim 1 in the manufacture of a 
medicament for the inhibition of RNA-dq)endent RNA viral polymerase or the 
35 inhibition of RNA-dq)endent RNA viral replication in a mflrmfigi 
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19. Useof acompoundofClaimlintheinanufactuieofa 
medicameiit for treatment of RNA-dependent RNA viral infection in a marnmaL 

20. The use of Qaim 19 wherein said RNA-dependent KNA viral 
5 infection is hq>atitis C infection. 
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